Nutritional status, physical performance and functional capacity in an elderly population in southern Brazil Objective: to investigate the association between nutritional status and functional limitation and disability in an elderly population in southern Brazil. Methods: epidemiological, cross-sectional household-based study carried out with 477 elderly of both sexes (60 to 100 years). Body mass index (BMI) served to assess the nutritional status: underweight (BMI < 22 kg/m²) and overweight (BMI > 27 kg/m²). The sum score (0-5) obtained in three tests: "chair stand" and "pick up a pen" (measured by time) and standing balance (four static measurements) assessed the functional limitation. The disability was evaluated by the difficulty in performing one or more self-reported tasks related to basic activities of daily living (ADLs) and instrumental activities of daily living (IADLs). Crude and adjusted analyzes (3 models) were carried out using Poisson regression; prevalence ratios (PR) and 95% confidence intervals (CI) were calculated. Results: crude analyzes showed a positive association between underweight and functional limitation (PR = 2.71, 95% CI = 1.63 to 4.51); overweight and disability in ADLs (PR = 2.20, CI 95% = 1.44 to 3.35); overweight and disability in IADLs (PR = 1.56, CI 95% = 1.20 to 2.03). The additional adjustments for gender, age, level of education, living arrangements, current work, cognitive function and number of morbidities reduced the strength of the associations, without changing the statistical strength. Conclusion: nutritional status is a factor that is independently and positively associated with functional limitation and disability. We recommend the use of this indicator to monitor the health of the elderly.
IntroductIon
Aging is a complex process with changes in physiological, psychological and social factors that may impact on nutritional status. 1 Moreover, with advancing age, there is an increase in the number of chronic diseases 2 and cognitive impairment. 3 These factors may contribute to changes in motor functions in older people.
Motor function can be assessed by direct and indirect measures that assess different dimensions. Performance tests assess limitations in physiological variables needed for basic physical actions and identify the risk of progression to disability. The measurements obtained by questioning the interviewee identified the disability of individuals to perform certain tasks related to daily activities. These activities can be influenced by sex, perception of the individual and the socio-cultural context. 4, 5 The functional limitations and disabilities are conditions prevalent in the elderly, [6] [7] [8] [9] with implications for increased use of health services and institutionalization, creating a serious public health problem. 8, 9 Some studies suggest that nutritional status is an indicator of health and an important factor associated with motor performance limitations 7, 10, 11 and disability relating to basic and instrumental activities of daily life (ADLs and IADLs). 11, 14 However, there are disagreements about whether this association is due to the underweight and/ or overweight obesity status.
The relationship between nutritional status, functional limitations, and disabilities is still little-explored in Brazil's elderly, especially for those in rural areas. Therefore, the objective of this study was to investigate the association between nutritional status and functional limitation and disability in an elderly population in Southern Brazil.
methodS This is a cross-sectional study, based on secondary data derived from an epidemiological, population-based household survey carried out in Antônio Carlos, state of Santa Catarina, Southern Brazil (Effectiveness of health policies, physical activity and nutrition of the elderly from the municipality of Antônio Carlos, Santa Catarina). This municipality (7.458 inhabitants) is the biggest producer of vegetables crops in Santa Catarina, and its population is mostly distributed (68.5%) across small farms. 15 Antônio Carlos has three teams of the Family Health Program (FHP), which cover the whole municipality. The aim of the FHP is to increase people's access to primary health care.
The study population and sample were previously published 16 and shall be briefly presented. The study population consisted of all elderly (rural and urban zones) enrolled in the FHP (n = 916). All aged 80 and over (n = 134) were evaluated (February to April 2010). For the 60 to 79 years age group (n = 782), the sample (60 to 79 years) consisted of 343 elderly, selected by probability sampling, considering each area of the FHS. The stratified sample was not proportional and we used weights for data analysis. The criteria for sample loss were: lack of proxy respondent; elderly away after three visits on alternate days; and lack of access to the residence because the conditions of rural roads.
Data were collected during one home visit (approximately 50 minutes) using a questionnaire (reduced form) of the SABE survey (Health, Well-being and Aging), carried out in seven countries in Latin America and the Caribbean, including Brazil. 17 The elderly with cognitive impairment had an auxiliary aid or a proxy informant (parent or caregiver) to answer the questions. The performance tests and anthropometric measurements were conducted after the questionnaire during the same visit. The interviewers received previous training for instrument testing, refinement, precision and accuracy of the tests and anthropometric measurements.
The ethics committees of the Federal University of Santa Catarina approved the research (Protocol n o . 189/09). The participants were informed about the objectives and procedures of the study and signed an informed consent.
BMI assessed the nutritional status, according to the following classification. 18 < 22 kg/m² = underweight; 22 to 27 kg/m 2 = normal range; and > 27 kg/m² = overweight. This cut-off is adopted by the Brazilian System of Surveillance for Food and Nutrition. 19 The weight and height were measured according to standard procedures. 20 In case of impossibility or difficulty in obtaining measurements, we used equations for estimating body mass 20 and height. 21 Three motor performance tests verified the functional limitation: chair stand, pick up a pen and balance. Before each test, the interviewer explained and demonstrated the task and made sure the same could be done without risk to the elderly. The testing procedures were the same used in the SABE survey 22 ,23 and will be described concisely.
• Timed chair stand test: the subjects were asked to fold their hands on the opposite shoulder crossed at the wrists and stand up and sit down five times as quickly as possible. To assess the performance we used the following score: 22 > 60 seconds = 0; > 16 and ≤ 60 seconds = 1; > 10 and ≤ 16 seconds = 2; ≤ 10 seconds = 3.
• Timed pick up a pen test: the subjects bent down to pick up a pen. To assess the performance we used the following score: 22 > 30 seconds = 0; > 6 and ≤ 30 seconds = 1; ≥ 2 and ≤ 6 seconds = 2; < 2 seconds = 3.
• Balance: the elderly was asked to perform each of the following tasks in sequence (10 seconds): side-by-side stand; full tandem stand; one-leg stand (right); one-leg stand (left). The performance alternatives were: unable = 0; carried only a side-by-side stand position = 1; successfully in a side-by-side stand and in a full tandem stand = 2; if they could hold a one-leg standing position (right, left, or both) = 3.
A scale, based on the sum of the scores (0 to 9) obtained in the three tests (chair stand, pick up a pen and balance) found functional limitations: with functional limitation (0 to 5) and without functional limitation (6 and more), based on median values. The elderly who refused to perform the tests or failed to perform them because of poor interpretation or cog-nitive problems were excluded from analyzes (n = 4). The elderly dependent on wheelchairs, crutches or walkers, with paralysis of the arms or legs, with prosthetic legs and in some that do not maintain balance alone were included (n = 39) in the analyzes with score 0. 22, 23 • Disability in basic activities of daily living (ADLs):
reported difficulty in one or more of the following tasks: eating, bathing, dressing, going to and using the bathroom, lying down and getting out of bed. Possible responses were: yes/no/does not know/no response. There were no cases of "does not know" or no response. Thus, the variable was dichotomous: yes (dependent -the elderly presented one or more difficulties)/no (independent -elderly had no difficulties in perform any task).
• Disability in instrumental activities of daily living (IADL): reported difficulty in one or more of the following tasks: preparing a hot meal, taking care of their own money, going to places alone, shopping for food, using the phone, doing light tasks, housework, doing heavy household chores and taking medicines. Response alternatives were (yes/no/ does not usually do this/does not know/not response). The elderly who did not know or did not answer the question were excluded (n = 4). Those who answered the alternative "does not usually do this", in at least one of the questions, were classified according to the majority of the answers in the other questions, since this alternative is more related to personal habits than to performance difficulties. 8 We considered the two alternatives: dependent (difficulty performing one or more tasks); and independent (no difficulty to perform any task).
Gender, age, living arrangements (living alone/accompanied); level of education (illiteracy/1 year/2 years or more); currently working (yes/no); number of morbidities (0 to 2/3 and more diseases previously diagnosed -hypertension, diabetes, arthritis, osteoarthritis, osteoporosis, respiratory disease, heart disease, stroke, cancer). Cognitive function (normal/altered) was assessed using the Mini--Mental State Examination (MMSE), 24 according to Bertolucci et al. 25 
StatIStIcal procedureS
Mean, standard deviation, and proportions made the descriptive analyses of the variables. The association between nutritional status and dependent variables was tested through Poisson's regression (crude and adjusted analysis), adjusting for robust variance.
We proposed three regression models for the association of nutritional status and each dependent variable (functional limitation, disability in ADL and IADL): 1) adjusted for gender and age; 2) adjusted for gender, age, level of education, and current work and living arrangements; 3) adjusted for gender, age, level of education, current job, living arrangements, number of morbidities and cognitive status (final model). Among the adjustment variables, age was a continuous variable in the models, the others were categorical variables.
The analyses were performed using STATA ® 11.0. All analyses were weighted for the purpose of the design of the study (post-stratification weight). We adopted a significance level of 5% (p ≤ 0.05) and a confidence interval of 95% (95% CI).
reSultS
The study included 270 women and 207 men, aged between 60 and 100 years (73.26 ± 8.87). The mean age for men was 73.3 ± 8.96 years and for women, 73.2 ± 8.82 years.
The majority of elderly living accompanied, was not currently working, had studied one year in elementary school, had normal cognitive status and reported zero to 2 diseases. The prevalence of underweight and overweight were 8.2% and 53%, respectively. Twenty-four percent (24%) of the elderly presented functional limitation, and 43.5% and 26.4% of the sample were dependent in IADLs and ADLs, respectively (Table 1) . Table 3 show crude and adjusted PR between nutritional status and disability in IADLs and ADLs, respectively. In crude analyzes, those who are overweight showed higher prevalence of disability (IADLs and ADLs) compared to those who had a normal BMI. Adjusted analyzes showed that gender and age (model 1) reduced the prevalence, indicating their significance. The same occurred after the inclusion of level of education, current work and living arrangements (model 2), and additional adjustments to cognitive status and number of morbidities (final model). In the final models, overweight remained positively associated with a disability in IADLs (PR = 1.46, CI 95% = 1.11 to 1.92) and ADLs (PR = 2.02, CI 95% = 1.33 to 3.08).
dIScuSSIon
The results (final models) showed that underweight was associated with functional limitation and overweight was associated with disability in ADLs and IADLs. The positive associations were independent of gender, age, level of education, current job, living arrangements, cognitive status and number of morbidities.
The association between underweight and functional limitation observed in this study is still controversial. Studies using BMI to assess nutritional status, showed that overweight is more often associated with lowest scores on motor performance tests and/or a greater functional limitation. 7, 10, 12 In the Sergi et al. 12 study, involving elderly (65 to 84 years) of both sexes, moderate and severe obesity was as- 26 the presence of high nutritional risk was related to difficulties in motor performance tests. The differences between the studies appear to be related to differences in the methods of nutritional assessment, the cutoff values used in the BMI classification, age of the elde-rly, environmental characteristics, types of tests used and the way of classification of functional limitation. The higher functional limitation among underweight individuals may be due to the smaller amount of muscle mass, which contributes to lower muscle strength 1, 10, 14 and reduced physical activity. 10 In addition, difficulties in mobility could cause difficulties in food acquisition and meal preparation, negatively affecting the nutritional status. 14 The results showed that overweight was associated with a higher prevalence of disability in ADLs and IADLs, as verified in other cross-sectional and longitudinal 12, 13, 27 studies. Overweight can increase the body burden, limiting movement and increasing the stress on joints and muscles, 28 accentuating the risk of insufficient physical activity and disability in the elderly, since the implementation of activities may be more difficult due to pain. Furthermore, overweight may be related to greater fat infiltration in skeletal muscle 10 and the frailty syndrome, 27 favoring the disability. Despite the independent and positive associations between underweight and functional limitation and between overweight and disability in ADLs and IADLs, the adjusting for confounding factors attenuated the strength of these associations.
The variables of sex, age, education, living arrangements, current work, morbidities and cognitive status are usually associated with functional limitations, disabilities and nutritional status. Women and older subjects are more fragile and have more chronic diseases. 15 Women have more body fat than men and those with advancing age, usually after 70 and 75 years, show a greater loss of muscle mass in the limbs, 29 which may reflect difficulties in routine activities.
Low education level could influence the family income, access to health services and adequate food, resulting in disability 30 and underweight. 31 Work can be a way of preserving physical function/muscle, and field work can promote the maintenance of muscle strength, increased energy expenditure and functional independence. Although the condition of living alone can impact on depression and higher nutritional vulnerability, 33 this seems to be a feature specific to the sociocultural characteristics of the population. 34 In Antonio Carlos, it was observed that even the elderly who live alone, have family support. Their families live in another house on the same site or very close, and contact with family and community is well preserved.
Functional limitation can precede the onset of cognitive deficit. 35 In earlier stages of the deficit only tasks of higher complexity are affected and, subsequently, with the progression of dementia the performance of ADL tasks are also affected. 36 Functional limitations and disabilities result, primarily, from chronic diseases, 4 and the number of diseases and the interaction between specific diseases, not evaluated in this study, may be important in this relationship. 37 The higher number of diseases may suggest greater medication use and hospitalizations, which associated with aging, and may result in loss of physical function. 38 This study has strengths and limitations. To our knowledge (Medline, Scopus, and Scielo database), this is the first study (household based population) that investigated the association between nutritional status, functional limitations and disabilities in elderly living in rural community, in Southern Brazil. We used information from a representative sample suggesting that the results are valid for the target population. Morbidity was reported, as well as measures of disability, which may present an interpretation bias in what respondents have said. Some older people received assistance from proxy during the interview, which may favor the omission of reliable answers. We used a score to classify the motor performance tests (functional limitation), making it impossible to identify in which motor variables (strength, flexibility/mobility and balance) the elderly had more difficulty. The crosssectional design does not establish causality in the associations investigated.
We recommended further prospective studies to assess the nutritional status and its association with measures of motor function in the elderly living in rural areas in order to investigate other factors that may be involved in these associations. The results were presented to Antonio Carlos' Board of Health and Social Assistance and may encourage new prevention policies and health care of the elderly, promoting improvements in nutritional adequacy, functional independence and quality of life of individuals. We believe that the results could be used for prevention policies and health care for elderly from municipalities with similar characteristics.
In conclusion, the nutritional status was positively associated with functional limitations and disability in ADLs and IADLs, despite adjustment for socio-demographic and health variables, confirming that BMI is an indicator of health that should be used in routine surveillance of health conditions. Adequate nutritional status is important to maintain physical performance and functional capacity. Objetivo: verificar a associação entre estado nutricional, limitação funcional e incapacidade física em idosos da região Sul do Brasil. Métodos: estudo epidemiológico, transversal, de base populacional e domiciliar, realizado com 477 idosos de ambos os sexos (60 a 100 anos). O estado nutricional foi verificado por meio do índice de massa corporal (IMC): baixo peso (IMC < 22 kg/m²) e excesso de peso (IMC > 27 kg/m²). Na avaliação da limitação funcional, utilizou-se o somató-rio dos escores (valores entre 0 e 5) dos testes "sentar e levantar" e "pegar o lápis" (avaliados por tempo) e de equilíbrio (quatro medidas estáticas). A incapacidade física foi avaliada pelo relato da dificuldade em realizar uma ou mais tarefas relacionadas às atividades básicas da vida diária (AVD) e às atividades instrumentais da vida diária (AIVD). Foram realizadas análises brutas e ajustadas (3 modelos) usando-se regressão de Poisson (razão de prevalência [RP] e 95% IC [intervalo de confiança]) Resultados: as análises brutas mostraram associação entre baixo peso e limitação funcional (RP = 2,71; IC 95% = 1,63-4,51); excesso de peso e incapacidade nas AVD (RP = 2,2; IC 95% = 1,44-3,35) e excesso de peso e incapaci-dade nas AIVD (RP = 1.56; IC 95% = 1,2-2,03). O ajuste para gênero, idade, nível de escolaridade, arranjo familiar, trabalho atual, função cognitiva e número de morbidades reduziu a magnitude das associações, contudo, sem alterar o poder estatístico. Conclusão: o estado nutricional é um fator independentemente associado à limitação funcional e à incapacidade. Recomenda-se o uso desse indicador no monitoramento da saúde dos idosos.
Unitermos: envelhecimento; estado nutricional; atividades cotidianas; limitação da mobilidade.
referenceS
